Food intolerance is becoming increasingly prevalent, and increasing numbers of athletes have celiac disease. This poses challenges as dietary recommendations for exercise are largely based on gluten-containing carbohydrate-rich foods. The K4 cycle race covers 384 km around the Coromandel Peninsula, New Zealand. Lack of sleep, darkness, and temperature variations pose a number of nutritional challenges. Limited food choices present those with celiac disease with even greater challenges. This case study describes the intakes of one such athlete during training and competing in the K4. Nutritional intakes were obtained during training using weighed-food records and during the race via dietary recall and the weighing of foods pre-and postrace. As simple substitution of gluten-containing foods for gluten-free foods leads to increased energy intake, alternatives need to be considered. During the race, insufficient energy was consumed to meet the nutritional guidelines for endurance performance. This was probably due to the nature of the course, racing conditions, the consistency of gluten-free food, and, toward the end of the race, sensory-specific satiety.
Achieving nutritional strategies to meet performance requirements and address race environment conditions in ultraendurance events is difficult (Moran, Dziedzic, & Cox, 2011) . Athletes with chronic conditions such as celiac disease, which limits the range of foods tolerated, face further challenges. The prevalence of celiac disease has increased since the late 1970s (Lohi et al., 2007) , and the number of athletes with celiac disease is also likely to be increasing (Leone, Gray, Massie, & Rossi, 2005) . Celiac disease is an autoimmune disorder affecting absorption from the intestine as villi inflammation and flattening occur (Mancini, Trojian, & Mancini, 2011) . Ingestion of gluten-or gliadin-containing foods (wheat, barley, and rye) results in an inappropriate immune response (Mancini, et al., 2011) . The elimination of gluten from the diet means that many carbohydrate foods consumed by endurance athletes, such as pasta and bread, cannot be consumed (Mitchell, 2010) . Irondeficiency anemia is reported in up to 70% of those with celiac disease (Harper, Holleran, Ramakrishnan, Bhagat, & Green, 2007) . Therefore, nutrition requirements for training and competition should be carefully researched and planned for these athletes (Moran et al., 2011) . When celiac disease is accompanied by iron-deficiency anemia, consumption of an iron-rich gluten-free diet is vital. This case study describes the nutritional challenges during training and competition of a novice long-distance cyclist recently diagnosed with celiac disease.
Presentation of the Race and Athlete

The Race
The K4 race occurs every 4 years and is the toughest 1-day cycle race in the southern hemisphere. The race comprises two 186-km laps around the Coromandel Peninsula, New Zealand (total distance of 384 km), with 14 classified climbs covering a vertical ascent of 4,600 m and an average race gradient of 7.5%. Starting at 10 p.m., riders are permitted to have support crew for one lap. For Lap 2 there were a total of six aid stations (10-30 km apart) providing water, jelly beans, and bananas, and at four of these stations an electrolyte sports drink was provided (Balance Nutrition, Vitaco, Auckland, New Zealand). Race-day temperature ranged from 10.6 to 20.4 °C.
The Athlete
The 31-year-old female recreational cyclist (body mass 60.2 kg, height 166.2 cm) had been diagnosed with celiac disease and iron-deficiency anemia 8 months before the race. She had been taking iron supplements since diagnosis. She registered for the K4 challenge 3 months before the 2010 race, having no previous experience of such a race or of racing on a gluten-free diet. In preparing for the race, the cyclist obtained nutritional information and advice from the authors. She provided written permission for publication of this case study, having read the original manuscript before its submission for publication.
Assessment During Training
Within 2 weeks of registering for K4, the cyclist completed a 4-day weighed-food record to provide an overview of her typical diet. She was shown how to complete the food diary (including recipe recording) and weighed all food to the nearest 1 g (Salter Model 1017, Tonbridge, England). Any food she did not eat was also weighed and accounted for in the analysis. Brand names of all products were recorded, and the time consumed in relation to training was noted. The diet was analyzed using Diet Cruncher, dietary-analysis software that uses the NZ Food and Composition database (Marshall, 2003) . As many gluten-free products were not included in the database, nutrition labels from packaging were used to complete analysis. Tables 1 and 2 show a sample day from the diet record (before any nutritional advice) with a straight exchange of gluten-containing products. As gluten-free alternatives are frequently more energy dense than their gluten-containing counterparts, further alterations to dietary choices need to be considered. An example of a gluten-free diet matched for energy and carbohydrates is shown in Table 3 . This was achieved with minimal changes to the diet, mainly through consumption of rice crackers instead of bread. Iron intake from this diet would be 14.1 mg, which is below the RDI (Recommended Daily Intake; Australian Government, Department of Health and Aging, National Health and Medical Research Council, 2006) . Therefore supplementation with iron tablets (Ferrogard C, Teofarma, Italy) containing 325 mg dried ferrous sulfate was essential to achieve optimal iron status. Iron sources from meat and meat products were emphasized as they provide a more bioavailable form of iron. We recommended that high-quality meat be consumed on most days and that red meat be consumed at least twice a week.
Outcomes of Dietary Advice
Body mass remained stable from registration to race day. The athlete reported changing her daily food and fluid intakes to meet the requirements of a gluten-free diet and to match the demands of training, as suggested by the nutritionists, and reported feeling more energetic.
Nutrition Plan and Outcomes
In conjunction with sport nutrition experts, a glutenfree nutritional plan was designed for consumption before and during the race. This plan was designed to meet the participant's energy, carbohydrate, and sodium requirements; minimize gastrointestinal discomfort; and optimize hydration.
Gluten-free versions of traditional sports foods were sourced to compare their nutritional qualities with the originals. Food labels were used to determine the total energy (kJ), carbohydrate (g), fat (g), protein (g), and sodium (mg). Due to the requirement of specialty glutenfree foods both before and during the race, all foods were prepared and transported to the race. Note. CHO = carbohydrate; GF = gluten-free; RDI = recommended daily intake.
We recommended that the precompetition meal be based on familiar food, high in energy while meeting the nutritional needs for carbohydrate, with fluid being ingested at a rate to ensure euhydration by the start of the race (Rodriguez, Di Marco, & Langley, 2009) . As breakfast cereal and rice crackers had been well tolerated, were liked by the cyclist, and did not require any cooking or arduous preparation, these foods were used for the prerace meal. Details of the planned race-day nutrition are shown in Table 4 .
When designing the race nutrition plan, we took duration and intensity of the event and food tolerance into account. A carbohydrate target of 30-60 g/hr (Rodriguez et al., 2009 ) is appropriate, with plenty of choice to avoid sensory-specific satiety, which has previously been reported (Moran et al., 2011) . Fluid intake was based on sweat rates tested during training and equated to approximately 500 ml/hr. As previously published (Clark, Tobin, & Ellis, 1992) , we recommended a rate of sodium consumption of around 500-1,000 mg/hr. The consumption of 500 ml of a carbohydrate-electrolyte drink (Balance Nutrition, Vitaco, Auckland, New Zealand) containing 8% carbohydrate and 28 mg of sodium per 100 ml would meet fluid and carbohydrate needs but be low in sodium (140 mg/hr). This solution was sufficient for the first 50-60 km, when the course was particularly hilly and drinking from a sports bottle would be easier than consuming solid foods. Although the cyclist had sufficient fluid available on the bike she was advised not to force herself to drink at night because the temperatures would be cooler and therefore sweat rates would be lower. We recommended food consumption when she entered the first town as this was a flat section with street lights, making it easier to eat while cycling. Cream-cheese sandwiches and homemade banana bread were recommended for the next 30-40 km as they are easily transported and do not taste as sweet as the sports drinks previously consumed. At the first town the support crew replaced drink bottles. The following 50 km were hilly, and we advised the cyclist to consume a combination of water, jelly beans, fruit cakes, and sports drinks. The remaining 40-50 km consisted of hills with steep inclines and descents, but as this stage was at dawn it was easier to eat while cycling. A support crew met the cyclist at the 145-km mark, where restocking with sandwiches, banana bread, jelly beans, sports drinks, fruit cake, rice crackers, water, cereal bars, and chocolate occurred. On Lap 2 (192-384 km), there was no support car and the cyclist had to rely on aid stations for food and drink. At 192 km, she was provided with more sandwiches, cereal bars, fruit cake, and banana bread and was told to consume these whenever possible and to particularly focus on nutrition in the early stages of the flat section. As it was likely to be hotter during the day it was emphasized that drinks be retrieved from four aid stations, because this meant she would need to carry less fluid en route. These aid stations also provided jelly beans, which the cyclist was encouraged to consume.
Dietary Assessment During the Race
The athlete's race food and fluid intake was measured by two methods to ensure accurate data collection. Food and beverages were measured before and after the race to estimate actual intake. On race day, two trained nutritionists were present to monitor the cyclist's intakes during Lap 1. At the end of the race the cyclist was asked to recall all food and fluid consumed throughout both race laps, and discrepancies between the cyclist's recall and nutritionists' record were discussed. Actual intakes during the race were lower than planned, as shown in Table 4 . The athlete may have forgotten some foods and drinks consumed during the race due to fatigue, but some quantification could be made by counting the number of empty wrappers at the end of the race.
Reflections
Designing and implementing a dietary regimen for an ultraendurance cyclist with celiac disease was challenging. The nature of the race and location exacerbated this. The plan was not strictly adhered to, and the cyclist admitted to lethargy and "heavy legs" during Lap 2 (Table  4) . She felt nauseous when trying to consume sweet beverages or jelly beans and thus experienced a diminished desire to eat. This was probably due to a combination of prolonged exposure to sweet foods and tiredness; a similar feeling was reported by the athlete at the end of an Ironman event 3 months after the K4. The K4 occurred in the north of the North Island of New Zealand. Due to the athlete's work schedule, she was unable to leave for the event until race day. All food and beverages had to be transported by plane and car, except for water. Therefore foods had to be robust, lightweight yet still high in energy. The travel and transportation of foods also affected the athlete's prerace diet, and other related race-day duties meant that she became distracted (e.g., registering, bike checks, and socializing). On reflection it may have been better for the athlete to have portable snacks, for example cereal bars, liquid meal replacement, or sandwiches, to consume while registering and speaking with other competitors.
Although hourly nutritional intakes had been recommended and calculated to meet the carbohydrate, energy, and fluid demands of the race, the unique characteristics of the race made these difficult to adhere to. For example, the race commenced at 10 p.m. and the first 7 hr of the race were performed in darkness. Combined with the nature of the race course, which comprised 14 hill climbs on relatively narrow roads that were unfamiliar to the cyclist and inhabited by nocturnal animals that ran across the road at various points, eating and drinking appropriate amounts was not always feasible. The use of a camel back containing a sports drink of a different flavor may have increased ingestion, as this would have required less movement while cycling. The opportunities to eat and drink on the well-lit flat sections of the course were not Note. The sports drink was Balance Nutrition, Vitaco, Auckland, New Zealand. Planned total water intake from food and fluid = 8.4 L or 0.4 L/hr; actual intake = 7.4 L or 0.3 L/hr (volume per hour is mean value). Planned sodium intake from food and fluid = 3,202 mg or 143 mg/hr; actual intake = 2,227 mg or 100 mg/hr (amount per hour is mean value).
Table 4 (continued)
used by the cyclist. This was possibly because she did not want to slow down to eat. Placing a greater emphasis on the need to consume food and fluid for later stages may have helped motivate her to eat. The weather conditions also made eating and drinking challenging, as wind-chill effects resulted in cold hands. The dry and crumbly characteristics of gluten-free food also proved to be somewhat problematic; some food was lost and extra care had to be taken with consumption. This dryness may have the benefit of increasing the drive to drink but made the athlete less inclined to eat due to the dry feeling in her mouth that the foods induced. In addition, gluten-free food tends to be very energy dense, which can lead to slower rates of gastric emptying, leading to feelings of discomfort while exercising (Calbet & MacLean, 1997) . Despite the fact that gluten-free foods are energy dense, they are less satiating due to low protein content, making the athlete feel hungry despite eating. This may lead to psychological performance effects due to hunger and lethargy. Race duration was greater than any training sessions, so side effects were not seen in training. The athlete met her main aim of the race, which was to finish; however, her overall time was almost 2 hr slower than anticipated (22 hr compared with 20 hr). This may have been due to insufficient energy intakes, leading to the early onset of fatigue.
